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CONCLUSIONS.
o f  the  e xp la n a tio n  o f the  the o ry *
More re c e n t ly  an im p o rta n t advance has been re g is te re d  by 
/Jc.A* W* A d i ton , who d iscove red  th a t  i t  i s  p o s s ib le  to  produce 
a s im i la r  e f fe c t  w ith  d ie le c t r ic s ;  thu s  extend ing the same 
p r in c ip le  to  substances which were n o t, a t le a s t  o b v io u s ly , 
o f  c r y s ta l l in e  ch a ra c te r*
He found th a t  i f  a sheet o f  rubbe r was l a i d  between two 
b ra ss  -p la tes , which were connected to  the quadrants o f an 
e le c tro m e te r, and a 2 lb® w e ig h t a llo w e d  to  f a l l  from a 
h e ig h t  o f  a few inches on the upper b rass  p la te ,  the needle 
moved q u ic k ly  to  the r ig h t  b u t  im m e d ia te ly  re tu rn e d  and showed 
a steady d e f le c t io n  to  the 1 e f t*
I f  the  sheet was. s tre tc h e d  th e re  was aga in  a d e f le c t io n  to  
the  r ig h t ,  and when the  e le c tro m e te r was d ischarged  and the  
sheet a llow ed  to  c o lla p s e , th e re  was a d e f le c t io n  in  the 
oppos ite  d ire c t io n ,  showing a p o te n t ia l  d if fe re n c e  between the  
p la te s  o f more th a n  10 v o lts *
W ith  a view” to  te s t in g  t h is ,  experim ents "were made by 
Marsh in  I9 I3 - I9 I4  on rubbe r, e b o n ite , c e l lu lo id  and h a rd  
p a r a f f in ,  and th e s e .showed c o n c lu s iv e ly  th a t  i t  was p o s s ib le  
to  e le c t r i f y  these d ie le c t r ic s  by p ressure  and the  re s u lts  
in d ic a te d  th a t  fa t ig u e  and h y s te re s is  e f fe c ts  were p re sen t*
The w o ik, however, was d is c o n tin u e d  owing to  in s u la t io n  
d i f f i c u l t i e s ,  which rendered the  re d u c tio n  o f  the  o b se rva tio n s
ve ry  te d io u s  and gave th e  fa t ig u e  e f fe c t  g re a te r  prominence 
on account o f  the  tim e  re q u ire d  to  o b ta in  a read ing*
I t  i s  a t  t h is  p o in t  th a t  the  s u b je c t has been resumed by 
fu r t h e r  experim ents, which are  d e sc rib e d  i n  d e ta i l  i n  the  
fo l lo w in g  paper* P a r t ic u la r  a t te n t io n  has been p a id  to  th e  
im provem ent o f  the  in s u la t io n  and the  ad justm ents o f the  
appara tus w ith  the r e s u l t  th a t  the d i f f i c u l t i e s  o f  ''’c re e p in g " 
and " le a ka g e 11 which p re ven ted  the  success o f M arsh 's  researches, 
^  Phil. Kug1. Au£. 1901.
DESCRIPTION OF THE APPARATUS.
The apparatus employed i n  these experim ents was v e iy . s im ple 
in  design and c o n s is te d  o f th re e  separate p ie ce s , each be ing  
mounted upon p e r fe c t ly  r i g i d  supports , these in te g ra l p a r ts  
are d is t in g u is h e d  in  the  diagram by the  numbers I ,  2, & 3*
No* I  i s  an e le c t r ic  lamp and sca le  f o r  read ing  the 
d e f le c t io n  o f  th e  needle i n  the  e le c tro m e te r, and i s  a s tanda rd  
p ie ce  o f  la b o ra to ry  equipment.
No. 2 i s  trie  device adopted f o r  a p p ly in g  p ressure  to  -the 
specimens under observa tion#
I t  c o n s is ts  o f  a s to u t copper p la te  "P M which supports the  
specimens S I  & 2. (T h is  b e in g  th e . sandwich fo im . )
Upon the  upper, specimen i s  p la ce d  a s o l id  m eta l cone MM" to  
ensure a normal and even d is t r ib u t io n  o f  the  pressure  e xe rte d  
upon i t .  The, s t i r r u p  o f  a. sca le  pan i s  ba lanced upon the 
apex o f  the  cone, the  pan i t s e l f  hanging about 18 inches 
below th e . sup p o rtin g  ta b le .  By means o f  a p u lle y  the o p e ra to r 
c o u ld  ra is e  o r  low er a w e ig h t upon the  sca le  pan as d e s ire d .
The whole o f th e  apparatus i s  surrounded by a m eta l cas ing  o f 
sheet t i n  which i s  ea rthe d  by means o f  a copper w ire  so ld e re d  
to  a w ate r p ip e . The copper p la te ,  the  m eta l cone and the 
sca le  pan are a l l  ea rthe d  by con ne ction s  w ith  the m eta l c o v e r in g  
Between the specimens SI & S2 i s  a th in  copper sheet which 
c a r r ie s  a lo n g  arm d ip p in g  in to  a m ercury cup nKM in  a s o l id  
b lo c k  o f  h a rd  p a r a f f in .  Th is  cup may be e a rth e d  a t  w i l l  by  
means o f  a. s p r in g  f’C,f which i s  ope ra ted  by means o f  a co rd .
A copper w ire  connects the m ercury cup w ith  the e le c tro m e te r, 
and t h is  w ire , supported by su lp h u r p lu g s , i s  c a r r ie d  th rough  
and l i e s  i n  the  a x is  o f  an i r o n  tube which i s  so lde red  to  the 
m eta l cas ings e n c lo s in g  th e . specimens and the  e le c tro m e te r.

sc a le  o f  150 crns* h:> th e  v o l t  was obtained*
fonn in v o lv e d  th e  use o f  two s im i la r  
specimens* and in  o rd e r to  deal w ith  
a s in g le  specimen the  fo llo w in g  
m o d if ic a t io n  was employed*
sandwich J m .
S i
S z
S i
W ///////M ////////M .
A s la b  o f  the  d ie le c t r ic  m a te r ia l under o b se rva tio n  was 
p la ce d  upon the copper p la te ,  MPM* Upon t h is  
was p iace d  th e  t h in  copper sheet 
connected w ith  Hie m ercury cup and 
t h is  was k e p t in  p o s it io n  by a 
s to u t  p la te  o f i r o n  (466 grms. wt* ).
Above the ir o n  a p u lle y  was. supported
by a wooden g a llo w s  and t h is  p e rm it te d  a w e ig h t to  be a p p lie d , 
b u t  as the  w e ig h t became a p a r t  o f  the  in s u la te d  system the 
d i f f i c u l t y  o f  i t s  e f f i c ie n t  in s u la t io n  was encountered*
A t f i r s t  the  w e ig h t was suspended t y  a co rd  o f  unspun s i l k ,  
and t h is  was jo in e d  to  the  o p e ra tin g  c o rd  by a p e n c il o f 
sea ling ' wax* However, i t  was found  th a t  bo th  the se a lin g  wax 
and 'the. s i l k  were a f fe c te d  by the te n s io n , the fo rm er to  such 
a degree th a t  i t  cou ld  n o t be employed, and one had to  depend 
upon a lo n g e r le n g th  o f  s i lk *  O bserva tions upon these d e ta i ls  
are g ive n  la t e r  on*
METHOD OF OBSERVATION,
The method o f  o b se rva tio n  and o f  re c o rd in g  the  re s u lts  i s  the  
same th ro ug hou t t h is  paper and was as fo llo w s .
The e le c tro m e te r was acgusted by means o f  the  le v e l l in g  screws 
u n t i l  the  m echanical and the  e le c t r ic a l  zeros were c o in c id e n t*
19 nE ". re p rese n ts  the  ear t i le d  zero when a l l  the  quadrants 
and specimens were earthed.
"B ". i s  s ta t io n a ry  read ing  when e a rth  was broken, th a t  means 
th a t  the  specimens were in  co n n e c tio n  w ith  one p a ir  o f 
quadrants, and th e  movement from  the E arthed read ing  may 
be due to  re  s i d ia l  charge. H ie lo a d  i s  th e n  p u t on and th e  
f in a l  s ta t io n a ry  read ing  taken . The d if fe re n c e  o f t h is  
from  the  Broken g ive s  th e  d e f le c t io n .
I I . Leaving th e  lo a d  on th e . specimens and a l l  the  quadrants 
are aga in  e a rth e d  by means o f  th e  ke y . nEM i s  no ted  when 
s ta t io n a ry .  MBM aga in  re p re se n ts  th e  rea d ing  when the 
e a rth in g  key i s  re lea sed . Load i s  now take n  o f f  and the  f in a l  
p o s it io n  on the  sca le  i s  no ted .
D iffe re n c e  between t h is  and flB?f g iv e s  the  d e f le c t io n  due 
to  the  u n load in g  o f th e  specimen.
DETERMINATION OF THE CONSTANTS OF HIE APPARATUS.
C a lib ra t io n  o f  the  e le c tro m e te r. W ith  the  a id  o f a 
su b d iv id e d  meg-ohm and a Weston1 s c e l l  t h is  was c a r r ie d  o u t 
i n  the u su a l manner. The c a l ib r a t io n  curve  i s  g ive n .
Measurement o f  th e  c a p a c ity  o f  th e  e le c tro m e te r.
A condenser, c o n s is t in g  o f  two c o -a x ia l b ra ss  tubes, was 
p repared , an d by means o f  t h is  th e  c a p a c ity  o f  th e  e le c tro m e t 
was determ ined, and then  aga in  w ith  th e  specimens in  p la c e . 
That t h e . specimens had no a p p re c ia b le  e f fe c t  on the  c a p a c ity  
o f  th e  system i s  shown by the  rea d ing s  ob ta in ed .
I f  nd'! i s  the  d e f le c t io n  o b ta in e d  on g iv in g  a sm all charge to
90 -
400.
where "1 M is  th e  le n g th  o f th e  tubes , "a ” the  e x te rn a l 
d iam eter o f  th e  in n e r  tube , 'V 1 th e  in te rn a l d iam eter o f  th e
o u te r tube .
Readings d
Zero. Charge d. A f te r  sh a rin g . d - d
1.3 L e f t . 21 .2  R. 15.6 R. 3 .02.
1 .3  L e f t . 24 .0  R. 17.7 R. 3 .02 .
2 .0  L e f t . 23 .2  L . 17.0 L. 3 .06 .
1.9 L e f t . 25 .9  L . 19.9 L. 3 .0 0 .
Whence c a p a c ity  237*81 E.S.U .
W ith sandwich o f e b o n ite  specimens connected to  e le c trom e te r.
2 .0  L e f t .  2o.6 R. 1 5 .O R. 3.01.
2 .0  L e f t .  24.8 R. 1 8 .1 R. 3 .00 .
W ith  cube connected to  the  e le c tro m e te r.
2 .0  L e f t .  24 .2  R. 17.7 R. 3 .03 .
2 .0  L e f t .  20.2 R. 14 .7  R. 3 .03.
S im ila r  r e s u lts  were o b ta in e d  w ith  a l l  th e  -various modes
employed.
In s u la t io n  T e s t.
Zero 6 .0  L e f t .  Charged 24.2 L . Time 0
24 .0  L . I
23.85 L. 2
23.70 L . 3
23.55 L . 4
23.40 L . 5
22 .80 L. 10
21.80 L . 20
21.00 L. 30
as steady- d e f le c t io n s
were always o b ta in e d  t h is  c o r re c t io n  was n o t a p p lie d .
f lu c tu a t io n s  in  the  needle v o lta g e  had sm all e f fe c t  on th e  
s ensi t i  v  one s s o f . th  e i  n s i r  urn e n t  •
EBCFITE,
EBONITE
Sandwich fo rm * In  th e  p re lim  i t  la ry  experim ents, the main 
o b je c t was to f in d  how the  su rfa ces  charged under p ressure  
and th e  s ig n  o f  th e  charge on each su rface* The specimens used 
were c u t from  a sheet o f  e b o n ite  ap p ro x im a te ly  h a l f  an in ch  
in  th ic k n e s s , and in  th e  form  o f  a square 1*25 in c h  s ide  
(a p p ro x *)*  Each specimen was numbered and an arrow  marked 
on i t  to  show correspond ing  fa ce s , as d ir e c t iv e  p ro p e r t ie s  
were expected from  th e  process o f  m anufacture.
To do t h is  and deal w ith  a s in g le  
specimen, the  fo llo w in g , sandwich 
fo im  was used, the  e f fe c t  o f the  
g la ss  be ing  con s id e re d  as n e g lig ib le *
These re s u lts  le d  to  the s u s p ic io n  
tioa t th e  above assumption was n o t j u s t i f i e d ,  and g la ss  was 
found to  show th e  e f fe c t  to  a maiked degree, so th a t  substance 
had to  be abandoimed*
To a vo id  th e  in t ro d u c t io n  o f any o th e r  in s u la to r  than  the  
d ie le c t r ic  concerned, th e . sandwich was now form ed o f two 
specimens o f ebon ite *
Du l in g  the  f i r s t  read ings a marked d r i f t  was o f te n  observed 
on b re a k in g  the  e a rth  c o n ta c t, in  some cases the  spo t o f  l i g h t  
wandering wide o f  the  sca le* T h is  d is ta r t in g  in flu e n c e  was 
e lim in a te d  by s o ld e r in g  a l l  the  connections  to  e a rth , and 
by c le a n in g  th e  specimens w ith  e th e r b e fo re  assembling the  
apparatus* ' The e f fe c ts  due to  the  h a n d lin g  o f  the  specimens
were found  to  va n ish  a f te r  le a v in g  t h  em e a rth e d  f o r  a few
experim ent* The re s u lts  o f  these th re e  experim ents are 
reproduced*
As th e re  i s  sm all d if fe re n c e  between the d e f le c t io n s  on 
lo a d in g  from  those on u n lo a d in g  (e xce p t o f  op pos ite  s ig n l',  
the mean o f  the  fo u r  read ings  i s  taken f o r  th e  purpose 
o f  g ra p h ic a l re p re s e n ta tio n *
<T? * La&d L-md :> ff«
E. 0 ,7  S. A* 0 * / it * « 0 * t  ■% * •> **» T‘>A. V* i  A*
too. E. 0*95 B® &0 0 * 7 A* 0* 0*75 0* e* 0 *8  5*
1*05 I * *4 * *- >5 * 1*15 L* 2*75 5 * "
?• 5 L aI; f  * 3*35  it* 1*9 L® £ t. 0 1*95 B*
£ . 0  * 7 rt • 0 ® 0® 7 ti* a* U*7 I-*.* a- * 0 % 1 i i *
boo. B# 0*9 B» fc* O * 5 * B# 0*75 5* B* 0 .5  8*
6* 65 U 8 .5  0* 7*35 L* 8 .0  B*
7* 05 % .o  r . 8*1 L & ft* 7*5 it®
E* 0*7  R* A* 0 * /  ‘a* it:* 0 # 1 0 * E® 0 .7  E*
515. B* 0*3 E# IP* 0 *6  I * B* 0*7 a* 6* 0# 6 i\*
12*2  U 12*8  R* 11*4 L* 12*2  a.
12 *5  U f t * 12*2  a* 12*1 L e f t . 11*6  R.
E* 0*7  R* E* 0*7  If* 5* 0*7 E# r .  0*7 R*
7 zfi; B* 1*0  E . ' B* 0 *5  L* B. 0 *8  H* B* 0*9 R*
15*15 L* 15*65 1* 15*3 L . 17*1 1*.
U *15 L s i 't * 16*15 E* 16*1 L@;f t * 16*2 E*
frr* 0 *7  E* L® 0 * /  K. E* 0*7  I * S* 0*7 K*
lozs-. B. 1*0  B* £* 0 .  5 E* B* . 0 *8  a* B* 0 .5  P:*
19*3 L * . 2 I *0  B. 20.4 U 21*2  E«
20 *3 L fe ft . 20*5  R* 21*2  L e f t . 20*7 R*
E* 0 *7  E . . 6* 0 *7  it* B# 0 *7  M* i : * . 0 .7  II*
1225, B* . 0 *8  1 * B. o *8  a . B* 0 *7  E® B* 0* 8 it*
23*7 L* 25*5 a* 23.9 L* 25* 4 E*
24 *5  L e ft . 24.7 E* 24*6 U -f t . 24,6 E*
&* 0 *7  R. E. 0 *7  B* n* 0 * 7  a . ii* 0#7 i i*
1 515. S. o*7  a* B* . 0 .0 B* 0 .5  R. B# 0*5  I *
28*1 U 21*8 It* 29*0 L . 29*3 E#
2a*% Lc?f *1** , 28*8 E* 2 9 .5  L* 28.8 B*
To L » £ t  is  1 A.TITS. To K jj-ht isj /-oam?:*;.
4^9 v P v iMf
5*2 L . 
4*9 L e f t*
vv ^ 5£* ,aVV
2 .9  R. 
3. 1 R ig h t*
«*'’ 9 ** W ^
4.5 L . 
4-, 45 L e f t*
*»*9 w up *4#
2,'4S K. 
3.0 K ifi-b t.
lie .  0 « 2 L f
B. 0 ^ -? L .
8 .0  L . 
7.6 L e f t*
l.’.i, 0 ,2  L , 
B* 0 ,4  L .
W .  -W? At,
6 .  4o R.
il;, 0 .2  L . 
B. 0.3 L, 
7 .1  L* 
6 .3  L e f t*
L . 0 .2  L . 
B. 0 .6  L . 
5 .7  R. 
6,3 E.
E* * 0 .2  L * 
B. 0 ,6  L , 
10,35 L* 
9 ,7 5  L e ft*
E. 0 .2  L . 
B. 0 .4  L .
8 .  0 it* 
8 .4  R.
E. 0 .2  L . 
B. 0*3 L .
9 .0  L . 
8,7 -L e ft*
E* 0 ,2  L , 
B, 0 ,2  L* 
f *2  R. 
8.4 H.
£* 0 ,2  L , 
B* 0 ,2  L* 
11,7 L* 
11,5 L e f t*
&, 0 . 2 L« 
B. 0 ,3  L . 
£0.8 R. 
I I . I  E.
E .  0 ,2  L.
B. 0 ,1  L. 
I I . 4 L.
I I . 3 L e f t , .
a o T a-1. L*.
B, 0 .4  L . 
10.7 E.
11.1 a.
E* 0 ,2  L , 
B, 0 ,3  L , 
13,2 L , 
12,9 L e f t *
L* 0 .2 L . 
B. 0 .6 L . 
I I . 6 R* 
12*3 E.
.c>. 0 .2  L®
» B. 0 .3  L, 
13 ,2  L . 
0 . 9  L e f t .
i‘,t,  0 .2  L • 
B, 0*35 L* 
11,95 R* 
12,3 E.
E, 0 .2  L, 
B* 0 .3  L . ,
13,9 L . 
13.6 L e f t*
E. 0 .2  L , 
B. , 0 .6  L . 
I I . 7 R. 
12,3 R*
E>* 0 .2  L .
.  0 .2  L.
14,1 L. 
13.9 L e f t * .
E. .3.2 R.
B, 0 .2  L . 
12. I  R. 
12,3 R,
E* 0 ,2  L. 
B, 0,4* L . 
14.2 L. 
13 .S L e f t*
E. 0 .2  L , 
B. 0 ,4  L, 
12.4 R*
12.8 a .
E. . 0 .2  L. . 
B, 0 ,2  L*
14,1 L*.
13.9 L e f t .
E . 0. 2 L . 
B. N 0 .8  L . 
12,0 R. 
12.8 R.
E. 0 . 2 L , . 
B, 0 ,3  L .
'14 ,3  L ,
34.0 L e f t .
E, ; 0 .2  L , 
B*. 0 .1  L . 
13.9 R* 
14.0 E.
E* 0 , 2 'L . 
B. . 0 ,3  L. . 
14.5 L. 
14.2 L e f t .
V  ft  o  tja*. ‘J % £  L*.
B, 0 .3  L . 
1 3 . I  R, 
13.4 R.
E* 0 .2  L. 
B. 0 .3  L, 
15.I  L , 
14,8 Left*
E, 0 .2  L . 
B . 0 ,4  L . 
'13 .7  R, 
H -.I R.
E* 0 .2  L. 
B. 0 ,4  L* 
15.2 L* 
14*8 L e f t*
E, 0 .2  L .
B. 0 .3  L , 
13. / R. 
14.0 1 .
E . 0 .2  L .
B. 0 ,2  L . 
1 5 .1 L , 
14.9 L e f t .
E . 0 .2  L . 
B, 0 .3  L . 
13.8 R*
■ m i  R.
E* 0 ,2  L . 
B. 0 ,3  L .
15,5 L ,
' 15*2.' Left*
E . 0 ,2  L , 
B, 0 .3  L .
13.9 R. 
i 14# 2  R*
c— > OO c -  )
IQO.
Z<ro.
525,
715.
1025 .
1225,
/ 525,
2025.
2525,
5525.
b. . i . 7  a . .
0. 2 L§  ^
I#  9 L e f t .  .
B. . 1 .5  R. ; 
4 .?  1 .;
3 .4  R ight. .
B. , 1 .4  1. ;
0 .9  L. ; 
2 .3  L e f t * .
B* ; 1 .3  R . ,
4 .2  E . ; 
2. 9  B ig h t. ;
; 1*1 XU; 
8 . , I . I  1 . .
5 .5  U  . 
8.8  L e f t . .
E. , I . I  R. ;
B . . 1.1 R .i 
7 .9  11.; 
6 .8  E igh t. ,
1 .;  I . I  R . .
B. 1 .4  .
5 .0  L. . 
6 .4  L e f t .  ;
E. ; I . I  R. 
8. 1.1 R . ; 
7 .7  E.
8 .6  E ig h t.
E. . 1*1 B* .
B. . 1*2 11* . 
6*7 L . .
6 .9  L e f t .  .
E. , I . I  R. ;
8 . . 1 .0  R. .
8 .0  E. ;
7. 0 Riiglii. ;
E. I . I  R. ; 
B. ; 1 .0  E. ; 
8 .0  L . ;
9# 0 Left#
E. ; I . I  
B. , 1 .3  R. 
10.6 R. ; 
9.3 R ig h t. ;
1*',. I*?  H*. 
B* . 0* ? R. . 
6*4  L* , 
7.3 L e ft .  .
E. , I . I  R .; 
B. . 1 .9  R. .
8 .5  R. ;
7 .5  E igh t. .
5 . . I . I  R.
8 . .  1.2 R . , 
S. 0 L.
9 .2  L e f t . '
E. ; I . I  R. ,
B* . 1 .0  E. 
10.8 R. ,
9.8 E ig h t. ,
E* . 1.1 R .. 
B m . 9*9 1#.
7 .7  U  
8 .9  L e f t .  ,
1 . , 1 .1 E* ,
a . , i .o  a. . 
10 .0  1 . ; 
9 .9  E ig h t.;
E. ; 1.1 E. . 
8 . ; 1 .0  R. .
8 .8  U  .
7 .8  L e f t .  ;
E. I . I  E .
B. , 0 .9  R . ,
9. f> M.
8* 9 Eight#
B. , 1.1 R ., 
B. . 0 .6 R.
X0.5 L . . 
I I .  I  L e f t .  .
S. , I . I  I . ; 
B. . 1 .2 R»
12. 5 E. .
I I .3  R ig h t. ,
S. , I . I  R. , 
B . ■ 0 .9  R.
M L ,  
8 .8  L e f t .  ;
1 . I .  I  R. ; 
B. - 1 .0  R. .
10.2 R. .
9.2 E ight*
E. . 1.1 &• .
B . , 1 .4  a . . 
10.3 L . . 
I I .  7 Lex t m  ,
1 . ,  1.1 B . . 
B . . 1.3 R. . 
13.4 1 . ,
12. 1 R ight. .
E. . I . I  R. , 
8 . , 1 .0  II. , 
9. 7 L. , 
I 0 .7  L e f t .
£« , I . I  R . . 
B. ; 1 .0  R. ;
12.3 R.
I I . 3 Eight#
£ . .  I . I  R . . 
S. 0 .8  R« , 
11.4 L. 
12.2 L e f t .  ,
1 . .  I . I  R.
B. , 1 .0  E. .
13.6 1 . , 
12.6 R ig h t.,
&. , 1.1 B*
B. , 1 .7  1 . 
I I . 2 L. 
12.9  L e ft .  .
E. I . I  i t . ,  
B. I .  0 R.
14 .4  a .
■ 13.4 E igh t*
S .. 1 .1 R#. 
B. : 1.2 R. . 
I I . 2 L. 
12.4 L e f t . «
1 . ,  1.1 S .. 
B. 0 .5  R*.
13.2 E * , 
12 .7  B ig h t . .
E. , I . I  B.
B . . 1 .8  R . ,
n . i  u .
£ . , I . I  R . . 
8 . 1 .0  E. ;
14.8 E. ; 
13.8 R ig h t.
E. , I . I  E . ,
B. . I . I  R . .
11.6 W , 
12.7 L e ft .  .
IS* , I . I  R. . 
B. . 1 .0  R. .
14*4 R . ;
13.4 E ig h t. .
1 . .  I . I  R. . 
B. , 1 .8  1 . ,
12.8 L. 
14.6 Left#
W T f  t?&. _ 4. * iX.
8 . 0 .8  R.
1 6 .7  R. . 
15*9 R ig h t.

u . y 7
300. 7.74 8.81 6.6
525* 12.08 I I . 3 8.05
725. 16.15 12.55 •
CO
925. 13.0
1025. 20 .7 13.3 8 .8
1225. 24.6 1 0 .1
1525. 28.9 13.8 I I . 5
2025. 14.4 12.7
2525. 14.6 12.95
3525. 14.4
These re s u lts  suggest a " fa t ig u e 11 e f fe c t  which w i l l  be 
m entioned again la te r *  The la rg e  d e f le c t io n s  are c h a ra c te r is t ic  
o f  c e r ta in  specimens, o th e rs  have g iv e n  s im i la r  r e s u lts  bu t 
some have n o t shown the  e f fe c t  to  n e a r ly  so marked a degree* 
T h e ir  behav iou r a p p a re n tly  depends v e ry  la rg e ly  on t h e i r  
p re v io u s  h is to r y ,  c h ie f ly  w ith  re g a rd  to  p ressu re  o r 
s tre sse s  o f  any form*
NATURE OF THE CHARGE OF OPPOSITE FACES*
The graph No* 3 shows the  r e la t io n  o f q u a n tity  to  lo a d  when 
the  specimens (3 ) and (4 ) are each reversed*
One s e t o f  read ings from 'die s e r ie s  i s  g iven*
Needle v o lta g e  102* t Temperature 14 C*
Load on. Load o f f . Load on. Load o f f .
E. 1.8 R. E. 1 .8 R. E. 1.8 R. E. 1 .8  R.
100. B. 1.9 R. B. 2 .0  R. B. 1 .9  R. B. 1 .7 R.
2 .9  R. 0.9 R. 2 .9  R. 0 .7  R.
1. 0 Ri g r it. I . I  L e f t . 1 .0  R ig h t. 1.0 L e f t .
looo
faces  are to g e th e r f o r  each experim ent.
o
Wt. used 1525 grms. Needle v o lta g e  102. Temperature 14 C.
4 4 t  4. 4 +. f  4
f  s. 4 s. t  3
Loading. L e ft .^ Right®. L e f t . R ig jh t.
r l l . 5 <■5.5 V1.3 h2.
U nload ing1. R ig h t. L e f t . R ig h t. L e f t .
Specimens ( I )  and (2) gave s im i la r  r e s u lts  w ith  the 
a p p lic a t io n  o f a 14 lb s .  w e ig h t.
c
Load a p p lie d  14 lb s .  Needle v o lta g e  100. Temperature 17 C,
4 l
t x
t  I I  I T T
f  X
Load ing .
U n load ing . R ig h t.
L e ft.^  R ig h t. L e f t .
05 j l . 5  j5 . 9| 3 .
L e f t . R igh t.
R ig h t.
L e f t .}12.2
These re s u lts  in d ic a te  th a t  w h ile  th e  faces c a rry  oppos ite  
charges, the la t t e r  are n o t equal in  m agnitude.
T h is  le d  to  the  a d v is ib i l i t y  o f  u s in g  one . specimen and o f 
lo a d in g  from above.
DEALING WITH A SINGLE SPECIMEN.
OVERHEAD LOADING.
F o r t h is  purpose the  framework was f ix e d  over the casing 
c o n ta in in g  the  p la t fo rm  f o r  the  specimens, and a p u lle y  
p la ce d  so th a t  i t  was v e r t i c a l l y  above the  ce n tre  o f th e  
p la t fo rm . A permanent w e ig h t was now used to  keep the 
specimen and the  copper lu g  in  p o s it io n .
Copper lu g .
Permanent w t. (466 gm 
opper p la t fo rm .
a x  UO 111 t'iiUiO , a .S3 S3J.JL V_J V9 Ai Ail U.1V
D uring the  experim ent th e  s e a lin g  wax 
was a llo w e d  to  touch the  w e ig h t when i t  
was lowTered in to  i t s  p o s it io n  on ‘the 
peimanent w e igh t, and a t once an e x tra  
d e f le c t io n  o f  the  e le c tro m e te r need le  was ob ta in ed , 
showing th a t  the  s e a lin g  wax had a charge# T h is  
n e c e s s ita te d  th e  removal o f th e  s e a lin g  wax and a lengxnening 
o f  th e  unspun s ilk #  7 e iy  e r r a t ic  read ings  were then  o b ta in e d  
u n le ss  the s i l k  was th o ro u g h ly  dry#
A number o f se ts  o f  c o n s is te n t read ings was taken  and 
appeared q u ite  s a t is fa c to ry  as regards th e  behav iour o f  the  
d e fle c tio n s #  These were q u ite  steady and the  in s u la t io n  
p ro p e r t ie s  were ve ry  good#
That th e re  was a charge developed upon the  s i l k  was v e r i f i e d  
i n  the fo llo w in g  manner# A p iece  o f  bare t h in  copper w ire  
was wound round th e  s i l k  f ib r e s  and a llo w e d  to  d ip  in to  trie 
mercury cup, which was earthed# The w e igh t in  the experim ent 
was re s te d  upon the  ea rthe d  p la te #  A f te r  b re ak ing  ea rth  
c o n ta c t 'blue w e ig h t was suspended and a d e f le c t io n  o f 
over 5 cuts# was recorded on the  scale# T h is  charge was taken  
o f f  a le n g th  o f  about 10 crns#
U n fo r tu n a te ly  the  a c tu a l e f fe c t  a t  th e  p o in t  o f  suspension 
o f  th e  w e ig h t co u ld  n o t be determ ined, f o r  a un ique ' 
d i f f i c u l t y  was encountered# A d ie le c t r ic  was e s s e n tia l 
f o r  in s u la t iv e  purposes and y e t  co u ld  n o t be employed owing to  
i t s  p ie z o -e le c t r ic  p ro p e rtie s #  C onsequently the re s u lts  ob ta ined  
by the  overhead lo a d in g  n e c e s s a r ily  in c lu d e  the  e f fe c ts  o f  
the  s i l k  under s tress#
The re s u lts  gave a s tro n g  in d ic a t io n  th a t  op po s ite  faces 
became charged w ith  e le c t r i c i t y  o f  th e  same s ig n  when 
under p ressure  and ap p rox im a te ly  to  the  same amount#
When two .specimens, which had been t re a te d  se p a ra te ly  were 
p u t in to  the sandwich form , the  sum o f the  charges was n o t
f I
R ig h t on lo a d in g *
I l X p t  9 I*
I  I
T ernr 18 C.
L e f t  on u n lo a d in g . Graph No, 4«
E xo t. I I .
1 \/ -LL
Voltage 98* 
Temp. I7°C .
R ig h t on lo a d in g . L e f t  on u n lo a d in g . Graph No. 5 .
These were new specimens and th ic k e r  than  used p re v io u s ly , 
be ing  n e a r ly  I  in c h  in  th ickn e ss* b u t  o f  th e  same area 
o f  su rface  on which “die lo a d  was a p p lie d .
Above specimens were now p u t  in to  the  sandwich fo rm .
Needle v o lta g e  98.
R ig h t on lo a d in g .
1 I.
t 1
Temperature 19 C.
L e f t  on u n lo a d in g . Graph No. 6.
Another p a ir  o f  specimens gave la rg e r  d e f le c t io n s  w ith  t h is  
overhead lo a d in g  (Nos. 7 & 8 f* b u t  when arranged i n  the sandwich 
form w ith  co rrespond ing  face s  to g e th e r gave v e ry  small 
d e f le c t io n s .  H ie re s u lts  o b ta in e d  by t h is  method g ive  
curves o f  th e  gene ra l type* b u t  a means was now sought to  
o b ta in  read ings f o r  a s in g le  specimen w ith o u t the  in t ro d u c t io n  
o f  ano ther d ie le c t r ic .
H ie usu a l method o f a p p ly in g  p ressu re  as to  the sand/d ch 
form was employed b u t a. s in g le  specimen re p la ce d  the  double one 
and one examined th e  charges which appeared-on the  v e r t ic a l  ■ 
fa ce s . Squares o f  t i n - f o i l  were 
gummed on to  Hie su rfa ce  o f  
the  specimen le a v in g  about g o f  
an in c h  m arg in  f o r  in s u la t io n  
purposes. The o p p o s ite  face  was ea rthed .
I n  t h is  case w ith  No. ■ 7 Hie d e f le c t io n  was L e f t  on Loading 
and R ig h t on U nload ing* the oppo s ite  to  those ob ta in ed  by the  
overhead o r. sandwich fo rm .
/ ao o
om iNG
Q A I ) ^ N ( l j i W . s i
EARTHS
V 148 •
14 lb s .  w t.
EARTJ-p^
T. 15 C.
> j  1 .8 .
ilnsc. ^
L e f t  on lo a d in g ,  i  q ^ 
R ig h t on unloading*
L e f t  on lo a d in g  
R ig h t on un load i g
The re s u lts  o f  these experim ents in d ic a te  th a t  chaiges are 
o f d i f f e r e n t  m agnitude, on oppos ite  fa c e s , b u t o f the
same s ig n .
CUBE OF EBONITE.
I f  th e  substance under c o n s id e ra tio n  possessed a p e r fe c t 
u n ifo rm ity  in  i t s  p h y s ic a l s t ru c tu re  one would expect th a t  the  
charges on the  v a r io u s  fa ce s  would be equa l.
I t .  seems q u ite  fe a s ib le  th a t  some d ir e c t iv e  p ro p e rty  m ig h t 
have been g iv e n  to  the  specimen in  th e  course o f i t s  
m anufacture . The r o l l i n g  p rocess o r c a s t in g  may have had t h is  
e f fe c t .  In  o rd e r to  determ ine whether th e  p ie z o - e le c t r ic
phenomena would in d ic a te  t h is  h y p o th e t ic a l i r r e g u la r i t y  in  
s tru c tu re ,  a cube o f e b o n ite  was taken  and the  charges 
examined upon each face  in  tu rn ,  the  o th e r faces being earthed. 
In  t h is  way tw e lve  se ts  o f  re a d in g s  were o b ta in e d . Other cubes 
were examined and were fo u n d  to  behave i n  a v e iy  d i f f e r e n t  
manner. In  ge ne ra l th e  d e f le c t io n s  o b ta in e d  by t h is  method 
were v e ry  m inu te , a lth ou gh  o c c a s io n a lly  a s e n s it iv e  face ' was 
found . The o b se rva tio n s  reco rded  sup po rt th e  h yp o th e s is  th a t  
th e  d ie le c t r ic  substances examined have an ir r e g u la r  s tru c tu re .  
Graphs Nos. 7 and 8 re p re se n t the  r e la t io n  between the lo a d  
and th e  charge developed on a p a r t ic u la r  face  o f  the  cube.
The o r ig in a l p o lis h e d  su rfa ces  o f  th e  e b on ite  sheet, from  
which the  cubes were c u t,  are in  every case rep resen ted  
by fa ce s  5 and 6 o f th e  cube.
o
-A
n  NI NO i
Wt* .used 524 f
Loftcl. oi*.« . Load o f f . Load on. . Load o f f . ;
E. . 2.1 E. ,. &, , 2 .1  R. Em . 2 . I  E. , £ . . 2 .1  R. ;
Press* . B. , 3 .6  L . . B. 4 . |  L . ; B, , 5 .5  L . . B. 4 .5  L .
5 & 8 , 3 .2  L* . 4 .5  L . . 3, 4 .2  L , 5 .9  L ,
0 .4  E ig h t*  , 0 .4  L e f t . 1 .3  R ig h t. ; 1 .4  L o f t .
I .  „ 2 .1  E, . E * ; 2.1 R *, E * . 2.1 1 . , E. 2 , I  E. .
, B . . 4 .3  E . 4 0 * . 4 .1  R. B * , 3 .3  L . , B. 2 , 9 L .
2 Sc 4, 1, 5 . |  R*. 3. ? R. 3,/ 2 .8  L . 3.45 L .
0.3 HI ghU  , 0*2 L e ft*  , 0 .5  R ig h t* ; 0.55 L o f t .  ;
I .  . 2 .1 R* , L . , 2 . I  R. 1 , . 2.1 R. E* 2 .1  R,
Press* ; B. , 3. 9 L , B. . 5 ,9  L . , B. , 1, 8 R. , B. ; 3 .0  K. .
5 4 6 *, 2. 5 .8  L . 4 ,1  L . 4. 2 . 9 R, , 1 .9  R.
1 .9  L e f t* '; 1*8 R ig h t* ; 1.1 R igh t* , 1.1 L e ft*  ;
E. . 2 .1  R. . P  ? T f? &». , &, 1 i t , E. . 2 ,1  R * , E. 2 .1  R.
Press* . B. 1.2 R * . B, ; 1 .4  E . , B. 4 .5  R* B. 4 .4  R.
I  & 3*, f  1*4 R. 1.2 R . . 4-. 4 ,65  R. 4 .25  E,
0.2 R ig h t.  , 0 .2  L e f t * : 0 .1 5  R ig h t. ; 0,15 L e ft*
E. : 2.1 R. . 12, , 2 .1  R. . E* . 2 ,1  R, E. 2 .1  R.
Press* . B. I I . 0 L . . B* .11.1 L , . B «, 8 .6  L . B. 7 .4  L .
2 & 4* 5, 10.85 L . 4 I I . 3 L . L  6 ,2  L. 7 ,8  L .
0.15 R ig h t. ; 0 ,2  L e ft*  . 0 ,4  R ig h t, . 0 .4 L e ft*  ;
E* : 2 . |  E. , IS, , 2 .1  1 . . E* . 2 ,1  R . . E. 2 .1  R.
Press. . «» m* mi* t*B. 5 . o I*. B* 6 ,3  L . B* 1.3 a* B. 1 .6  R.
I 4  3 . ( 5T 6 .4  L . . 5 ,4  L. L  L O R . . I .  9 R.
0 . 9 L o f t .  . 0# 9 E ig h t .  ; 0 , 3 L e ft*  . 0,3 R ig h t*
Load am. . L®«4 o f f , , L®&4 o n , . Loftd o ff*  ;
I . ; 1.8  E. . E. , 1 ,8  R. . S. I .  8 R. E* . 1*8 R* ;
Press* . B. , 2 .5  t .  . B. 1 .3 R. B. 7 .8  R. B* 7*6 R.
5 & 6« . '• 2 .0  E. , 1 .9  S, 3- 7 . 1 R. , 8*2 R*
0 .5  L e f t * ; 0 ,6  R ig h t. . 0 .7  L e f t .  . 0*6 R ight* .
E# t I«8  I t  , E. . 1 .8  a , . E. 1.8 R. . E* 1 .8  R.
P r*M « . B. t 1.4 B * , 8 , .  I . I  R. . B. 5 .4  L. B. 5*3 L*
2 Is 4 , , '* . 1.2 E. 1.3 B*. *■ 5 .6  L. 5 .2  L*
0.2  L e f t .  . 0*2 Ri gi'i-t.. 0*2 L e ft*  ; 0* I  R ight* .
s . . i . a  e . . IT.* , 1 .8  R. . B. . 1*8 R* . E* ; 1*8 R . .
P re s s * . B. . S.? E. . B . . 5 .8  R . . B* 6*1 R. B* 6*2 R. ,
5 * 6 # . ** 5.6 E. ; 5 . 9  S . , *  6*6 R* 5 . 7  R. .
0.1 L e f t . . 0.1 S ig h t.; 0* 5 Hi. ght* ! 0*5 L o ft*
E. . 1*8 E . , e .  . i . a  a . . S* . 1*8 R* s 1* . 1 .8  R * ,
Press* . B. . 3 .2  L* . B. ; 89. 8 L . . B* 11*9 L . B* 14*2 L .
I  & 3 . *• n . 2  l .  . 7 .0  L . ; 41 14.6 L . . 11*5 L .
3. 0 L e f t .  ; 3 .8  R ig h t. . 2* 7 L e ft*  . 2*6 R ig h t*  .
13. , 1 .8  S. , E. . 1 .8  R. . E. 1*8 R* 1 . , 1*3 R*
Pres® . . B. . 9.6 L . . B. . 3 .2  L . . B. 9*7 L* . B* 0*3 L . ,
2 & 4* 4 9.2 L , . 8 ,8  L , . 6- 0 .2  L . 0.7 L .
0 .4  R ig h t. , 0 ,4  L e f t .  . 0# 5 R ight* 0* 4 L e ft*
S ..  1 .8  R. s . . i . a  a . , E. t I *  8 R* . £ . i . a  e .
Pr#n®*4 B. 1 0 .1 L . . 3 . 12.8 L , , a* 10*6 L. . B* I I * 0 L.
X A 3* . 4 I I . Q L * . I X .8 L . . k  10 .9  L. . 10.6 L .
0 . 9 L e f t .  . X.O R ig h t .; 0 .3  L e f t ,  . 0*4 E igh t.
To te s t  t h is  e f f e c t ,  a spec im en,*o r  specimens were taken 
in  th e  sandwich form , and the  same lo a d  a p p lie d  c o n t in u a l ly *  
W ith f r e s h . specimens the  d e f le c t io n s  were g e n e ra lly  found to  
in c rease  a t  f i r s t  and then  to  f a l l  o f f  g ra d u a lly *  This 
in c rea se  a t  f i r s t  seemed due to  a tendency on the p a r t  o f  the  
specimen to  accustom i t s e l f  to  a c e r ta in  lo a d .
For convenience i t  was re fe r re d  to  as th e  ,!71b*M s ta te  i f  a 
7 lb *  w t* was be ing  used*
C urves, . showing the  d e f le c t io n s  o b ta in e d  by the  successive 
re a p p lic a t io n s  o f  th e  same lo a d  to  a specimen, are g iven , 
and w e ll i l l u s t r a t e  t h is  fa t ig u e  e f fe c t *  A specimen which 
had e x h ib ite d  t h is  phenomenon was reaxam ined a f t e r  an in te r v a l  
o f  s ix  months and i t  was found th a t  i t  had n o t recovered, 
even ap p ro x im a te ly , i t s  i n i t i a l  s e n s i t iv i t y *
F u r th e r , when lo a d s  were su cc e s s iv e ly  in c re a se d  and then 
decreased in  an a r ith m e t ic a l s e r ie s , the curves showing the  
charges on in c re a s in g  and on decreas ing  th e  loads were n o t  
c o in c id e n t,  the  l a t t e r  be ing  below th e  fos
f i r s t  and o n ly  a f t e r  many a p p lic a t io n s  o f  the  lo a d  d id  the y  
d im in is h *
The graphs o f  these re s u lts  are reproduced* Nos* 10. I I  & 12*
Th is  would be expected as an e f fe c t  
o f  fa t ig u e *  The reve rse  o f  t h is  i s  
shown w ith  some specimens, th e  o n ly  
one found  in  e b o n ite  was w ith  a cube, 
and when one o f these faces  was taken  
th rough  a s e r ie s  o f lo a d s  th e  d e f le c t io n s  
on decreas ing  th e  lo a d s  were g re a te r  than  
those on in c re a s in g *  Greyer No* 9 * When
I_4 odd
th e  fa t ig u e  e f fe c t  was t r i e d  th e  d e f le c t io n s  inc rea sed  a t
ZoOO(.000,
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lo a d  applied® H ie  d e f le c t io n s  o b ta in e d  are shorn®
Load on. Load o f f . Load on. Load o f f .
E. 5 .2  L . 
B. 2 .9  L® 
0 .3  L . 
2 .6  R ig h t.
E. 5 .2  L « 
B. I . I  L .
3 .5  L. 
2.4- L e f t .
E. 5 .2  L .
B. 2 .7  L. 
0 .4  L . 
2 .3  R ig h t.
E. 5 .2  L . 
B. 1 .1 L .
3 .6  L . 
2.5 L e f t .
H a lf  o f  each specimen. Two su ch . sandwichs were th u s  foimed® 
Sane lo a d  a p p lie d  gave r e s u lts  ag ree ing  v e ry  c lo s e ly  w ith  
b o th  sandwich fo rm s. For one o f  the  sandwichs the  fo llo w in g  
are th e  re s u lts  o b ta in e d .
Load on. Load o f f . Load on. Load o f f .
E. 5 .2  L . 
B. 6 .3  L. 
4 .4  L . 
2 .4  R ig h t.
E. 5 .2  L . 
B. 5 .6  L. 
8 .1  L . 
2 .5  L e f t .
E. 5 .2  L . 
B. 5 .2  L . 
3 .2  L . 
2 .0  R ig h t.
E. 5 .2  L . 
B. 5 .3  L . 
7 .5  L. 
2 .2  L e f t .
H a lf  o f  each . specimen* Again sandwichs fo im e d  gave s im i la r  
r e s u lts .  The re s u lts  be lo w . show a s e t o f  'the read ings o b ta in e d .
Load on. Load o f f . Load on. Load o f f .
E. 5 .2  L . 
B. 5 .2  L . 
3 .2  L . 
2 .0  R ig h t.
E. 5 .2  L . 
B. D. I  L.
7 .6  L . 
2 .5  L e f t .
E. 5 .2  L . 
.B. 5 .3  L . 
3.1 L . 
2 .2  R ig h t.
E. 5 .2  L . 
B. 5 .1  L . 
7 .3  L . 
2 .2  L e f t .
T h is  in d ic a te s  th a t  f o r  an u n fa t ig u e d  specimen th e  charge i s
p ro p o r t io n a l to  p re ssu re . H a lv in g  the specimen doubles
th e  p ressure  f o r  a g iv e n  a p p lie d  fo rc e ,  and th e  r e s u l t  i s  th e
same. T h is  agrees w ith  C u r ie 1 s Law c k y s tv u s
lfCharge i s  independent o f  th e  c ro s s -s e c tio n  f o r  a g ive n
t o t a l  f o r c e .11
were o b ta in e d , r ig n t  on lo a d in g , l e f t  on unloading", thus 
p rov ing , th a t  'brie e f fe c t  was shown by g la s s * On re ve rs in g  
th e  u p p e r . specimen, th e  d e f le c t io n s  were o f  average va lue  
3*3 cins* l e f t  on lo a d in g , r ig h t  on un load in g*
Specimens were now c u t  from  o rd in a ry  sheet g lass*
The correspond ing  faces were p la c e d  to g e th e r and loads 
a p p lie d  in c re a s in g  to  5000 gnus* and "then they were decreased 
in  the same o rder*
A p e c u la r e f fe c t  was o b ta in e d  w ith  these specimens and 
t h is  i s  w e ll shown by graph No* 13*
I n  t h is  s e r ie s  la rg e r  d e f le c t io n s  were o b ta in e d  when the 
lo ads  were decreased, e x a c tly  the  op po s ite  to  what one 
would expect as a r e s u l t  o f  fa t ig u e *  On the  con tinu ed  
re a p p lic a t io n  o f th e  same lo a d  (14 l b s * I !a s e r ie s  o f 
in c re a s in g  d e f le c t io n s  was o b ta in e d  and as a maximum was 
n o t o b ta in e d  on the  day o f  th e  experim en t, the  w e igh t was l e f t  
on the  specimens u n t i l  the  fo l lo w in g  day* O bservations 
were th e n  resumed and th e  f i r s t  d e f le c t io n s  ob ta in e d  were even 
g re a te r  th a n  the  maximum o f th e  p re v io u s  day, b u t  a f te r  two 
read ings th e  fa t ig u e  e f fe c t  became w e ll marked* Graph No* 14* 
T h is  i n i t i a l  in c rea se  in  the  s e n s i t iv i t y  was found in  the 
m a jo r ity  o f  the  d ie le c t r ic  substances examined when used fo r  
the  f i r s t  tim e* The term  "14 lb *  s ta te ” was used to  in d ic a te  
th a t  c o n d it io n  o f  the  substance #11011 gave the  la rg e s t  . 
d e f le c t io n  in  the course o f  a s e r ie s  o f  re a p p lic a t io n s  o f 
a 14 lb *  w e ight*
W ith the to p  specimen re ve rse d  in c o n s is te n t  read ings were 
o b ta in e d , . some r ig h t  on lo a d in g  o th e rs  l e f t *
Th is se t o f  read ing s  i s  reproduced*
Z xro ,
S. . 5*3 R* . 
3 . 1 * 5 L« ,
1*7 R * ;
3*2 R ig h t*  .
E. . 5 .3  R.
B. , 2 .0  E. . 
1 .0  L .
3*0 L e f t*  .
S 2U -.
E» . 5 .3  R. 
B. . 0 .3  R* . 
2 .2  L . 
2 .5  L e f t *  .
E. 5 .3 " R. 
B. 1 .8  L .
0 .3  R. 
2 .1  R ig h t*
HI.  ^ 5. 3 it.  
B« 1*3 L* . 
3* \  L« , 
1*3 L e f t . ,
E. , 5 .3  R.
B. 3 .0  L . . 
1 .7  L . 
1*3 R ig h t. :
■"E. . 5 .3  R. . 
B. 2 .0  L. 
3 .5  L .
1 .5  L e f t .  .
E. 5 .3  R . . 
B. 3 .2  L . 
1.6 L .
1.6 R ig h t.
E. . 5*3 E. , 
B* 3*5 L .
5*3 L * . 
1*8 L e f t *  ,
E. , 5 .3  R.
B. / 4 .3  L . 
2 .4  L . 
1 .9  .
Petra
E. ; 5 .3  R . . 
B. 4 .0  L .
6 .2  L . 
2 .2  L e f t . .
E. . 5 .3  R. 
B. 5 .1  L . 
2 .7  L .
2 .4  R ig h t*
" I .  . 5 .3  K. . 
B* 5 * |  L* 
3 .7  L . 
1*4 R ig h t.  .
E. . 5 .3  R. 
B. . 3 .7  L . 
5 .3  L . 
1.6 L e ft*
7 cxrG .
"E * . 5 .3  R. . 
B . . 5 .2  L . . 
3 . 4 L.
1.8  R ig h t*  .
E. 5 .3  R. 
B. 3 .0  L . 
4 .  S L* 
1 .8  L e f t .  .
IC rcrO '
E* 5 .3  R* . 
B . , 5 .1  L . . 
1 .0  L . .
4 .1  E ig h t*  .
E. . 5 .3  R . .
B . . 0 .1  L* 
4 .4  L .
4 .3  L e f t *
XjOO,
E. . 5 .3  R . . 
B. 4 .2  L . . 
7.2 L .
3 .0  L e f t *
E. , 5 .3  R.
B. 3 .0  L . 
0 . 1 R.
3 .1  R ig h t.
Th iokn*00 0.28 o ig # ; 
L e n g th , 4*5 om@. ; 
Breadth, 4 .4  e ia .  ;
laoO
O A ID I N
e f f e c t ; o b t  ai m e d  a f t e r  i l ^ w /vg. w z  o h  s p e c i / a e m s  2 + h ook s
to
DF
and t h e . second o f  2*4 eras. A f te r  o b ta in in g  the  read ings 
shorn on the graph the  3000 grannie w e ig h t was re a p p lie d  
and a d e f le c t io n  o f  o n ly  1*5 cms* was o b ta in e d  b u t a f t e r  
fo u r  fu r th e r  a p p lic a t io n s  o f th e  w e ig h t the  d e f le c t io n  
was s t i l l  1*2 cms* and rem ained c o n s ta n t•
GLASS CUBE*
A 5 cm* cube o f  g la ss* as used f o r  o p t ic a l experim ents, 
was in v e s t ig a te d , a f te r  4*5 cm* squares o f  t i n - f o i l  had 
been gummed to  each o f  i t s  faces*
W eight a p p lie d  14 lb s .  Needle v o lta g e  198*
©
Temperature 18 C* 
D e fle c t io n s  o f  0*1 cm* to  the  l e f t  on lo a d in g  and 0 .1 cm* 
to  "die r ig h t  on u n lo a d in g  were o b ta in e d , and a lthough the 
d e f le c t io n s  were so sm all they were p e r fe c t ly  d e f in i te  
and s te a d /•
Each face  gave th e  same d e f le c t io n  which i s  evidence o f  
a u n i f  ormi ty  o f  s tru e  tu r e •
/ooo
OAJ) IN
Load on. Load o f f . Load on. Load o f f .
E . 4 .6  L . 
B. 5 .1  L . 
5 .8  L® 
0 .7  L e f t .
E. 4 .6  L . 
B. 5 .0  L. 
4 .3  L . 
0 .7  R ig h t.
E. 4 .6  L . 
B. 4 .4  L . 
5 .1  L . 
0 .7  L e f t .
E. 4 .6  L .
B. 4 .6  L. 
3 .3  L. 
0.8 R ig h t. 1
H a lf  o f  each: specimen. Two such . sandwichs were thus fo im ed. 
Sarne lo a d  a p p lie d  gave re s u lts  agrepLng v e ry  c lo s e ly  -with 
b o th . sandwich form s. For one o f  th e  sandwichs the  fo llo w in g  
are  th e  re s u lts  ob ta in e d .
I " ' " '  ........................
Loaa on. Load o f f . Load on. Load o f f .
E. 4 .6  L . 
B. 6 .8  L . 
1 7 .5  L . 
0 .7  L e f t .
E. 4 .6  L . 
B. 8 .5  L . 
7 .7  L . 
0 .8  R ig h t.
E. 4 .6  L. 
B. 8 .2  L . 
8 .7  L.
0 .5  L e f t .
E. 4 .6  L. 
B. 8 .0  L. 
7 .2  L . 
0 .8  R ig h t.
H a lf  o f  each specimen. .Again th e  sandwichs fo im ed  gave 
s im i la r  r e s u lts .  The r e s u lts  below  are  a s e t o f  the  read ings 
ob ta in ed .
Load on. Load o f f . Load on. Load o f f *
E. 4.6 L . 
B. 5 .3  L®
6 .0  La
0 .7  L e f t .
E. 4 .6  L . 
B. 6 .1  L. 
5 .3  L. 
0 .8  R ig h t.
E. 4 .6  L . 
B. 5 .2  L . 
5 .9  L. 
0 .7  L e f t .
E. 4 .6  L . 
B. 5 .6  L . 
4 .9  L. 
0 .7  R ig h t.
Thus charge i s  aga in  p ro p o r t io n a l to  the  p re ssu re .
(4*32 X 3.55 cm s . ) and a f in e  h o le  d r i l l e d  in  one o f them 
served as a d is t in g u is h in g  mark.
CASE I .
t
L e f t  on lo a d in g . 
Graph No. 16.
CASE I I .
Smooth fa ce s  to g e th e r.
ie jh t on u n lo a d in g .
Hough fa ce s  toge the r*
L e f t  on lo a d in g  
Graph No. 16.
R ig h t on u n lo a d in g .
CASE I I I . Smooth o f  upper to  
o f  lo w e r.
CASE I? . Rough o f  upper to  smooth, 
o f  lo w e r.
I n  oases I I I .  & IV . on lo a d in g , th e re  was an immediate thro?/ 
to  th e  l e f t  and on u n lo a d in g  a s im i la r  th ro w  to  the  r ig h t ,  
o n ly  in  th e  1 a t te r  case t h is  th row  in c re a s e d  w ith  the lo a d  
to  a marked degree. The f in a l  d e f le c t io n s  were in c o n s is te n t-  
some r ig h t  on lo a d in g  o th e rs  l e f t , -  and o f  ve ry  sm all 
m agnitude, ( o f  th e  o rd e r 0 .5  cm.) •
T h is  c o u ld  n o t be tra c e d  to  the  in s u la t io n ,  b u t  a f te r  the 
i n i t i a l  thro?/ the  needle v e ry  s lo w ly  moved back to  i t s  
f in a l  p o s it io n  v e ry  near to  the re a d in g  on b re a k in g  e a r th . 
T h is  suggests an in te r n a l s t r u c tu r a l change.
These i n i t i a l  throws on u n lo a d in g  were rea d  and g iv e  curves 
o f  th e  gene ra l typ e . V ide Graphs Nos. 17 & 18.
K>
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Wt. A p p lie d  3000 grms« Needle v o lta g e  210
Temperature 2 2  0
Treatm ent o f specimens as de scrib ed  p re v io u s ly .  (Page 19, ) •
Load on. Load o f f . Load on. Load o f f .
E. 3 .9  L. E. 3 .9  L . E. 3 .9  L. E. 3.9 L.
B. 8 .3  L . B. 9 .8  L . B. 8 .8  L. B. 10.4 L .
9 .3  L . 8 .7  L. 10.2 L . 8 .8  L.
1 .0  L e f t . 1.1 R ig h t. 1.4 L e f t . 1.6 R ig h t.
f  o f  each ; specimen.
Load on. Load o f f . Load on. Load o f f .
E. 3 .9  L. E. 3 .9  L . E. 3 .9  L. E. 3.9 L.
B. 5 .1  L. B. 6 .3  L . B. 6 .5  L. B. 7.8 L.
6.1 L. 5 .3  L . 7.8 L. 6 .3  L.
1 .0  L e f t . 1 .0  R ig h t. 1 .3  L e f t . 1.5 R ig h t.
f  o f  each specimen.
Load on. Load o f f . Load on. Load o f f .
E. 3 .9  L. E. 3 .9  L. E. 3 .9  L. E. 3 .9  L.
B. S .6 L. B. 9 .7  L. B. 3 .4  L . B. 8 .9  L.
10.1 L . 8 .2  L . 9 .7  L. 7 .5  L.
1.5 L e f t . 1 .5  R ig h t* 1.3 L e f t . 1.4 R ig h t.
Aga in  in  agreement w ith  C u r ie 1 s Law t h a t  charge i s  
independent o f  the  c ro s s -s e c tio n  f o r  a g iv e n  t o t a l  fo rc e .

f o i l *  Side o f cube was 3.5 cm s.
These were p lace d  to g e th e r in  the sandwich form  and the  
re s u lts  o b ta in e d  a re . shown on graph No. 26.
D e fle c t io n s  were l e f t  on lo a d in g , r ig h t  on un lo ad in g .
The fa t ig u e  e f fe c t  was v e ry  pronounced w ith  these specimens 
as shown by the graph*
The cubes were th e n  take n  s e p a ra te ly  and p re ssu re  a p p lie d  
to  each p a ir  o f  fa ce s  in  tu rn ,  th e  charges be ing taken 
from  each o f th e  v e r t ic a l  fa c e s .
.A ll fa ce s  were e a rthe d  except th e  one to  the e le c tro m e te r*
3 .0  cm. s ide  squares o f  t i n - f o i l  were s tu ck  to  the  faces 
by s l i g h t l y  warming the  fa ce  and a copper w ire  so lde red  
to  th e  t i n - f o i l  served to  convey the  charge to  the e le c tro m e te r, 
o r e a rth  the  face  as th e  case m ig h t be*
One s e t o f  read ings o b ta in e d  in  t h is  manner i s  reproduced.
W iih b o th  cubes ve ry  s im i la r  se ts  were ob ta in ed .
Load $&* , Lead o f f * . Load on. Load o f f .  ; .
I I . . 2*0 L * ; E* . 2 .0  U  ; E. 2. 0 L. E. 2 .0  L.
Press. B . . 2.1 L * . B. . 2 .1 L . . B. . 2 . 2 L. „ B. 2 .1  L.
5 & >• 1.7 L *. 2 .4  L. 2 .4  L. 1 . 9 L.
0 .4  11 glit# . 0 .3  L e ft*  . ' A O !U. & Tj* 0.2  R ig h t . ;
E* , 2 .0  L. . &. 2*0  L . E* . 2 .0  L* E* 2. 0 L .
Press* ; S. , 2 .2  L . . B . , 2 .1  L . „ B. 2.1 L* B. 2.1 L.
5 & 6 . 2.3  Lt. 2 .0  L . 2 .2  L . 2 .0  L .
0.1 L e ft*  . 0.1 E ig h t.  . 0 .1  L e ft* 0.1 R ig h t.
1 . . 2 .0  L . , n*.  ^ 2 .0  L. S. 2 .0  L . E* . 2 .0  L .
Press* . B. 2 .2  L* I *  . 2 .3  L . , B. 2 .6  L . B. 2 .3  L .
I  & 3« . 2 .0  L« 2 .4  L . 2 .4  L . 2 .5  L . ,
0 .2  11 gM * , 0 . |  Left# ; 0.2  E ig h t . 0.2 L o f t .
1 . , 2 .0  L . , E* _ 2 .0  L* . E* . 2 .0  L . E* . 2 .0  L .
Presto . B . , 2 .6  L . . 0 . 2 .5  L« B . . 2 .3  L. B. 2 .3  L .
I  & 3. 2 .3  L . . 2 . 95 L . 2 .45  I * . 2 . 1 L.
0.3 E ig h t.  . 0.35 L eft. 0.15 L e f t * ; 0.2 R ig h t*
E* , 2 .0  L . . E* . 2 .0  L . ' I .  , 2 .0  L* . E* 2 .0  L .
Press* ; B. . 2 .5  L . , B. . 2 .5  L . . B* 2 .3  L. B. 2 .3  L .
2 & 4* . 2 .6  L . . 2 .4  L . 2 .4  L . 2 .2  L .
0.1 L e f t . . 0 .1 R i g h i*  , 0 .1  L e ft*  : 0.1 R ig h t.
B* ; 2 .0  L. ; £ . . 2 .0  L. . L . t 2 .0  L . E. ■ 2 .0  L .
Press* . B. , 2 .5  L . . B. , 2 .3  L . , B. . 2*7  L . . B. 2 .7  L .
2 *« 4* 2.o  L . 2 .2  L * . 2 .5  L . . 2 .9  L.
0.1 L e f t*  , 0.1 E ig h t. . 0 .2  E ig h t . , 0*2 L o f t *
!

rem arkable d e f le c t io n s  were o b ta in e d .
These re s u lts  are shown on graph No.
In v a r ia b ly  the  f i r s t  a p p lic a t io n  
o f  a lo a d , to  a new specimen, 
would produce a d e f le c t io n  to  d ie
r ig h t .  U nload ing a ls o  gave a d e f le c t io n  to  the r ig h t .  
A fte rw a rds  th e  d e f le c t io n s  were l e f t  on lo a d in g  and r ig h t  
on u n lo a d in g .
The fa t ig u e  e f fe c t  w ith  rubber i s  rem arkab le , f o r  the 
d e f le c t io n s  may in c re a se  a t  f i r s t  and th e n  decrease, o n ly  
to  in c re a se  aga in  w ith  rep ea ted  a p p l ic a t io n  o f th e  lo a d . 
CTa-ph No. 22.
W ith one specimen o f  ru b b e r, and one o f  e b o n ite , the 
d e f le c t io n s  changed s ig n  on repea ted  lo a d in g . Commencing 
w ith  a d e f le c t io n  to  the  l e f t  on lo a d in g , and to the r ig h t
on u n lo a d in g , h ie  d e f le c t io n s  have decreased to  zero
and then  become r ig h t  on lo a d in g , l e f t  on un lo ad in g , and 
have in c re a s e d  ag a in .
T h is  tendency has been v e ry  much in  evidence w ith  rubbe r. 
Mary s e r ie s  o f  read ing s  have been rendered  in c o n s is te n t,
w ith  t h is  substance, owing to  a sudden re v e rs a l o f  s ig n  on
* \
a p p ly in g  th e  lo a d .
A t y p ic a l s e t i s  reproduced.
*;;# mw ,
B. 0,1 L . . 
0 .3  R. . 
0 .4  S ig h t.
k
$  M#0 L i
0*2 a
!* 0*2 L .
0*5 R.
0* 7 Ei gkfn
B* 0*2 Li*
0*96 L*
0*75 Left*
8Z£. E* , 0*3 L* . 
B * . 0*3 L*
1 .0  E * . 
1*3 E ig h t1*
L. o *3 L 
B * , 0*6 L 
1*7 L . 
X * X L e f t*
u p . 2* A ^ fu #  U#<*8 lu #
a* 0*4 L .
1*5 E * , 
1 *9  R ig h t*
li<* 0* 3 L* 
B. 0*3 L* 
2*1 L . 
1*8 L e ft*
m i-
E. . 0*3 L*
B* 0 .3  L . 
1*3 R * . 
2*1 R igh t*
E* . 0 .3  L* 
B* 0.8 L .
3*0  L .
2 .2  L e ft*
b* . 0. 3 L*
>* 0*4 L*
1*2 E . , 
1*6 R ig h t*
0*3 L . 
>• 0 .5  L*
1*5 L* 
1*0 L e f t *
Z8p,
0*3 L* E* 0 .3  L* 
B. , 0*4 L*
0*0
0*3 L . E.
0.X L * . B*
O.S R. .
R ig h t*  ; 0,
0 .3  L. 
0*35 U- 
0.1 L*
mi-£f»  ^ 0* 3 L* 
B. , 0 .4  L . 
0*35 L* 
0*5 R igh t*
E* . 0*3 L . ; 
B« , 0*6 L*
' 0*5 L * .
0.X R ig h t*
4-376.
i:!. . 0 .3  L* 
B. . 0*3 L  
' 0*3 L
E*. 0 ,3 L .
B. 0 .3 L .
0 . K> L .
E. . 0 ,3  L . 
B. 0*4 L* 
- 0*7 L* 
0*3 L e ft*
I. . 0 ,3  L . 
i* 0*6 L*
0*3 L .
0*3 Hisrht
3324.* _ 0* 3 L
.  0.6 L
X.O L
0 .4  L e f t
E* 0*3 L . 
B. , 0 .5  L . 
0 .1  L .
0 .4  R ig h t,
E. ; 0*3 L* 
B. 0,4 L.
2 ,3  L. 
X.9 L e f t *
E* 0.3 L, 
B. 0.7 L.
; ’ I . X  H * .
1 .8  E igh t#
£, s 76.
%. , 0*3 L 
8*, 0 ,5  L 
• 2 .5  L 
2 .0  L e ft
0.3 l*  
i* 0 .6  L.
0.6 E. 
1*2 R ig h t
£Jj l -
E . , 0.3 L.
B, . 0,4 L, 
1*7 L, 
1*3" L eft.
E, 0.3 L, 
B, 0*5 L. 
0*5 R*
X*Q Eight*
7JL&
E* ■ 0.3 L 
.  0.3 L
0 .9  L
E, 0 .3  L, 
B. 0,55 L* 
0* I H*
0.65 E, ■
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There seemed to  'be evidence o f  a f ib ro u s  s t ru c tu re .
When th e  specimens were p la c e d  to g e th e r to  form  a sandwich 
w ith, the p o lis h e d  faces to g e th e r, d e f le c t io n s  were ob ta in e d
R ig h t on lo a d in g , L e f t  o n -un load ing . Grand Wo. 23.
When the lo a d  was appl ie d  th e re  appeared to  be a la te n t  
p e r io d  and then  the  charge s lo w ly  deve lop ing  to  a maximum.
On removing the  lo a d  th e re  was a ra p id  th row  to  the  r ig h t  
and th e n  a slow movement to  the 1 - f t ,  so th a t  'the f in a l  
d e f le c t io n  was to  the  l e f t  and equal to  the  d e f le c t io n  on lo a d - : 
in g . The graph silo w ing these th row s to  the  r ig h t  i s  g ive n  
and i s  o f  the  genera l typ e . No. 24.
T h is  phenomenon was a lso  observed w ith  Ho r  no id .
In  every o th e r case o f  sandwich form  i . e .  e i th e r  specimen o r 
bo th  reve rsed , d e f le c t io n s  were always to  h ie  l e f t  on bo th  
lo a d in g  and u n lo a d in g . On p u t t in g  the  lo a d  on th e re  was always 
an i n i t i a l  th row  to  the  r ig h t  b u t th e  f i n a l  d e f le c t io n  was 
to  the  l e f t .
Some o f  these d e f le c t io n s  to  the  l e f t ,  always on u n lo a d in g , 
were v e ry  la rg e , 23 crus, were o b ta in e d  w ith ' the 8876 grms.
lo a d .
t o o l
JU.TJA AV.M.G:
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conform  w ith  the  p re v io u s  experim en ts , b u t  the  d ie le c t r ic  
p ro p e r t ie s  o f th e  substance were n o t s u f f ic ie n t ly  marked, 
so th a t  one had to  a llo w  a la rg e r  m arg in  f o r  in s u la t iv e  
purposes* T h is  was done by f ix in g ,  w ith  f in e  copper ware, 
a g i r d le  o f t i n - f o i l  3 cm s. in  w id th , around th e  m idd le  o f  th e  
c y lin d e r#
and r ig h t  on u n lo a d in g , w ith  th e  a p p l ic a t io n  o f a 2400 grm. 
lo a d .
On u n lo a d in g  th e  i n i t i a l  th row  to  th e  l e f t  was o f  the
o rd e r 9 .0  cms. a lthough  the  f i n a l  d e f le c t io n  was to  the
r ip j i t .  T h is  suggests an in te r n a l s t r u c tu r a l  change. (V ide
Ho m o i d . ) W ith  repea ted  a p p lic a t io n s  o f  t h is  lo a d  "the d e fle c tio n s
decreased to  ze ro , and a fte rw a rd s , were to  the  r ig h t  on
lo a d in g , and l e f t  on u n lo a d in g .
Hie r e s u lts  as f a r  as the  p ie z o - e le c t r ic  e f fe c  t  w ith  
c e l lu lo id  are concerned, were q u ite  d e f in i t e .  The e f fe c t  
was p re s e n t b u t ’the r e s u lts  were in c o n c lu s iv e .
Needle v o lta g e  196. .
o
Temperature 17 C.
Both on lo a d in g  and u n lo ad in g  ve ry  
ra p id  th row s were o b ta in e d  always to  the  
l e f t .  The f i n a l  d e f le c t io n s  were steady 
and averaged 0 .9  eras, l e f t  on lo a d in g
■which caused th e  spo t o f  l i g h t  to  go o f f  th e  sca le*
A f te r  3 o r  4 a p p lic a t io n s  o f  a lo a d  o f  the  o rd e r o f  3000 grms< 
th e  e f fe c t  was v e ry  m inute* W ith specimens 2 .5  X 4 X 4 cms* 
i n  the  sandwich form , d e f le c t io n s  o f 5*1 cms* were o b ta in e d  
w ith  IOOOgrm* w e igh t*
A f te r  a s h o rt tim e  w ith  th e  sca le  pan on the  specimens, 
w e igh t 417 grms* th e  fo l lo w in g  va lu e s  were ob ta ined*
Load* D e fle c t io n *
200 grms* 0*2 cms.
524 0*4
1000 0 .6
3000 0.9
5000 0 .6
The e f fe c t  was pronounced b u t th e  fa t ig u e  e f fe c t  rendered
th e  re s u lts  in c o n c lu s iv e .
A cube o f  h a rd  p a r a f f in  o f  s id e  3 cms* was c u t from  a 
b lo c k  o f  th e . substance, and th e  re s u lts  are  reproduced*
In  these r e s u lts  the  charges were ta ke n  from  the v e r t ic a l  
faces as in  th e  p re v io u s  experim ents*
Press# 
5 & 6.
Press# 
I  & 3.
Press# 
2 & 4#
Load on# Load o f f . Load on. Ljoad o f f .
E • 1 • 4 L# E. 1 .4  L . E. 1 .4  L. E. 1 .4  L . ’
B. I  • 2 L# B. 1 .3  L . B. 1.85 L. B. 1 .9  L .
1.1 L. 1 .4  L. 1.5 L. 2 .2  L .
0 #I R ight# 0 . I  L e f t . 0 .35  R ig h t. 0 . 3 L e f t .
E • 1 .4  L . E. 1 .4  L . E. 1 .4  L . E. 1 .4  L .
B. 1 .4  L . B. 1 .4  L . B. 1.5 L. B. 1.45 L .
3. 1 .3  L . 1.5 L. 1.25 L. 1 .7  L .
0 . I  R ig h t. 0 . I  L e f t . 0.25 Ri g i it . 0. 25 L e f t .
E. 1 .4  L . E. 1 .4  L . E. 1 .4 .L . E. 1 .4  L.
B. 0 .2  L. B. 1 .4  L . B. 0.95 L. B. 1 .0  L.
0 .2  R. 1.7  L. 0 .6  L. 1 .3  L .
0 #4 R ig h t. 0 . 3 L e f t . 0 .35  R ig h t. 0. 3 L e f t .
E# 1 .4  L . E. 1 .4  L . E. 1 .4 L . E. 1 .4  L .
B. 1.2  L . B. 1 .3  L . B. 1 .2  L . B. 1.1 L .
1 .0  L. 1 .5  L . (cr 1.05 L. 1.25 L .
0 #2 R ig h t. 0 . 2 L e f t . 0.15 R ig h t. 0. 15 L e f t .
E# 1 .4  Li. E. 1 .4  L . E. 1 .4  L . E. 1 .4  L.
B. I . I  L . B. 1 .4  L . B. 1 .3  L . B. X. 2 L .
R 1 .0  L . 1 .5  L. 1 .2  L . 1.3  L .
0 . 1 R ig h t. 0 . I  L e f t . 0.1 R ig h t. 0 . I  L e f t .
E. 1 .4  L . E# 1 .4  L. E. 1 .4  L . E. 1 .4  L.
B. 1 .4  L . B. 1 .3  L . B. 1 .3  L . B. 1 .4  L.
6r 1.1 L . 1 .5  L . L/ 1.2  L . 1 .5  L.
| 0#3 R ight# 0 . 2 L e f t . 0.1 R ig h t. 0. I  L e f t .
loads* th e re  i s  fa t ig u e  and th e  co rrespond ing  d e v ia tio n *
A® Mcl® N ic o ls o n  in  h is  work on p ie z o -e le c t r ic  i t /  observed 
a s im i la r  e f fe c t  w ith  R o che lle  s a l t .  Some o f  h is  curves 
showed h y s te re s i s o r fa t ig u e  near' th e  s a tu ra t io n  va lu e s  o f the  
p o te n t i al®
The curves o b ta in e d  w ith  the d ie le c t r ic s  are s im i la r  to  
those o b ta in e d  by him and t h e . specimens examined in  t h is  paper 
in d ic a te  th a t ,  in  g e n e ra l, they charge in  a s im i la r  manner 
to  R oche lle  s a l t  when under pressure® In  o th e r words, the 
oppo s ite  ends on which the p ressu re  i s  a p p lie d  charge w ith  
'the same k in d  and a l l  the  o th e r fa ce s  a t  r ig h t  angles to  'the 
d i r e c t io n  o f  the  p re ssu re , charge w ith  the  op po s ite  kind®
The experim en ts on cubes show d e c is iv e ly  
th a t  the  p ro p e r t ie s  o f th e  d ie le c t r ic s  (so  f a r  as th is  
phenomenon is  concerned) are d i f f e r e n t  in  d i f f e r e n t  d ire c tio n s®  
H i ere i s  d i f f i c u l t y  in  g e t t in g  d i r e c t  evidence o f  the 
magnitude o f  the  charges developed on the  p ressure  faces 
(5 )  & ( 6 ) .  P o s s ib ly  an es tim a te  may be o b ta in e d  in d i r e c t l y  
from the  re s u lts  produced Then th e  cube i s  pressed 
p e rp e n d ic u la r to  (5  & 6 ) ,  then ( I  & 3) and f i n a l l y  (28c 41. 
B eg inn ing  w ith  the  knowledge o f  Young1 s Modulus and Poisson1 s 
R a tio  f o r  the  substance, and assuming fu r th e r  th a t  the charge 
cc p re ssu re  <c c o n tra c t io n , o r  e x te n s io n , and th a t  the  s t ru c tu re  
i s  homogeneous, i t  shou ld  be p o s s ib le  to  deduce the  charges 
on fa ce s  5 & 6®
The experim en ta l r e s u lts  in d ic a te ,  however, th a t  faces 1 ,2 ,3 ,4  
do n o t  charge e q u a lly , n o r even always o f  the . same s ig n , end 
fu rth e rm o re , i t .  seems u n l ik e ly  th a t  th e  e la s t ic  p ro p e r t ie s  o f  
say e b o n ite , o r  rub be r, would be t h e . same in  the  p lanes 
p a r a l le l  to  r o l le d ,  su rfa ces  as in  p la n e s  p e rp e n d ic u la r  to  
tlie se  . s u r f  ac e s®
I t  wi 11 be e v id e n t from  a survey o f  the  r e s u lts  g iv e n  in
Proce.eUiRgj-s 0 F. Iresh oF Elech Ert^r-s (A m ericaa ) UTov. 191 9. Pdgpe 152.5
1X 1 s im porxanx xo compare xne magxn uu.ae o i me cnarges 
developed i n  these experim ents w ith  those found  by C u rie , 
and o th e rs , in  th e  exam ination  o f p ie z o - e le c t r ic  e f fe c ts  
w it l i  c ry s ta ls #  In  many o f  th e  l a t t e r  
experim ents the specimen was in s u la te d  
by ebon ite  b lo c k s  to  which p ressure  Elecban-catar 
was a p p lie d  and th e  charges developed 
on c r y s ta l ebon ite  in te r fa c e s  were
TOURMALINE
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measured# ( Id e n t ic a l  e f fe c ts  "would be produced by us ing  
g la s s  as ear in s u la to r ,  as was done by P# C u rie  in  h is  
experim ent on tourm aline# )
Thus f o r  example C u rie  found  th a t  w ith  a c e r ta in  to u rm a lin e  
specimen a lo a d  o f I  Kilogramme gave a charge o f 0.053 E. S#U# 
Q uarts gave a co rrespond ing  charge o f 0.062 E. S.U.
W ith  th e  specimens o f e b o n ite  (Graph N o .2) the  charge 
developed on the  f i r s t  a p p lic a t io n  o f  th e  lo a d  i s  0 . I5 I  F .S .U . 
which i s  double th a t  o b ta in e d  by C u rie  f o r  to u rm a lin e .
The d e f le c t io n s  produced by these specimens are u n u s u a lly  
h ig h  and in  genera l the  charge developed i s  o f the  o rd e r 
0.0185 E.S.U . f o r  a lo a d  o f  I  Kilogramme#
W ith a cube o f  the  d ie le c t r ic ,  the charge be ing  taken from 
th e  v e r t ic a l  fa ce s , the  o rd e r o f  th e  charge i s  from  0.001 to
. 0.005 E# S.U.
Thus in  experim ents on c r y s ta ls ,  where th e  charges on the 
lo a d in g  faces  are determ ined, the q u e s tio n  a r i  ses as to  the 
e f fe c t  produced by the  in s u la to r ;  s in ce , one i s  j u s t i f i e d  in  
s ta t in g  th a t  th a t  would show the  p ie z o - e le c t r ic  e f fe c t .
S ince th e re  i s  so much v a r i a b i l i t y  in  d i f f e r e n t  specimens o f
e b o n ite , and in  the  same specimen a t  d i f f e r e n t  tim es , i t  seems
\
a d v isa b le  to  rep e a t th e  experim ents on c r y s ta ls  u s in g  d i f f e r e n t  
in s u la to r s ,  in  o rde r to  d is c o v e r w hether the  charge developed 
f o r  a g iv e n  lo a d  i s  c o n s ta n t. Such experim ents are be ing
th e  o th e rs  by p ie ce s  o f  rubber a t  the  co rners* The top and 
bottom  'p la te s  are connected to  the quadrants o f  an e lec trom e te r* 
When a w e ig h t i s  a llow ed , from  a sm all h e ig h t ,  to  f a l l  on to  
th e  to p  p la te ,  a la rg e  d e f le c t io n  o f  the  e le c tro m e te r i s  
ob ta ined* T h is  was a t t r ib u te d  by Lo rd  K e lv in  to  the co n ta c t 
E*M*F* o f  t iie  p i le ,  due to  the approach o f  the  p la te s  under 
p ressure* He advanced t h is  as a w ork ing  model o f  the 
beha v iou r o f  a c r y s ta l under s tre s s *
From the  experim ents on rub be r, which in v a r ia b ly  gave a 
la rg e  d e f le c t io n  o f  the  e le c tro m e te r when a w e ig h t was 
’’bumped” on the  specimen, i t  would appear th a t  th e re  m ig h t 
be ano ther in te r p r e ta t io n  o f  th e  above* The rubber supports 
would charge up and th e  d e f le c t io n ,  i t  m ig h t be presumed, 
c o u ld  be o b ta in e d  i f  s in g le  sheets o f  copper were used.
Four copper p la te s  (6  cms* square)
Co p p e r .
were used and separa ted by b lo c k s
Uiwc
o f rubbe r ( I  x  I  x  0*4 cm*)* On 
b u rn in g  i t s  suspensory th re a d , a ' 
w e ig h t (690 grms* ) was a llo w ed  to  
f a l l  2 mrns* on to  the  upper p la te *  r—
There was a charge developed which caused the  spo t o f  l i g h t
to  move o f f  the  sca le  and to  rem ain in  th a t  p o s it io n *
Indeed, t h is  apparatus was so s e n s it iv e  to  p re ssu re , t h a t  when 
a g la s s  rod  was p ressed l i g h t l y  on the  upper p la te ,  the spo t 
o f  l i g h t  moved o f f  to  the l e f t ,  and, when the  pressure was 
removed, re tu rn e d  to  the  r ig h t  and rem ained wd.de o f  the  sca le* 
W ith z in c  sheets the  same e f fe c t  was observed* When t ie  z in c  
and copper p la te s  were so ld e red  to g e th e r the f a l l i n g  o f  the 
w e ig h t on the upper p la te  s t i l l  caused th e  sp o t o f  l i g h t  to  
move and remain o f f  th e  sca le  to  the l e f t *
When the  same experim ent was pe rfo rm ed w ith  la rg e r  b lo cks  o f
CoTl. Paper© .Yol .II. Paqe 52.3.
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The s im i la r i t y  o f  the  phenomena e x h ib ite d  by the  d ie le c t r ic s  
examined in  th is  research  to  those shown by c r y s ta ls ,  leads to  
th e  co n c lu s io n  th a t  th e  d ie le c t r ic s  possess what may be 
c a l le d  q u a s i- c r y s ta l l in e  c h a ra c te r is t ic s *  The manner o f  
p ro d u c tio n  o f  e b o n ite , rubbe r, p la te  g la s s , by r o l l i n g  under 
p ressure  would co n ce iva b ly  im p a rt d ir e c t iv e  p ro p e r t ie s  to  the  
m a te r ia l g iv in g  i t  a quasi c r y s ta l l in e  na tu re *
A lte rn a t iv e ly  i t  co u ld  be supposed th a t  th e  d ie le c t r ic  
co n ta in e d  agg rega tions  o f  c ry s ta ls  d is t r ib u te d  more o r  l e s s  
in d i f f e r e n t ly  and th a t  the se , when su b je c te d  to  p ressure  
g ive  r is e  to  the  e f fe c t*  In  t h is  case the  v a r i a b i l i t y  from  
specimen to  specimen would r e s u l t  from  the d iffe re n c e  
i n  these ag g re ga tion s , w h ile  fa t ig u e  and h y s te re s is  e f fe c ts  
w ould be c re a te d  by th e  b re a k in g  down o f  these aggrega tions 
under s tre s s *  I n  f a c t  "the m a te r ia l would possess a ’’ f u g i t i v e ' ’
e la s t ic i t y *
W ith  a view  to  de te rm in in g  whether th e re  i s  any c ry s ta l 
s t ru c tu re  in .  such d ie le c t r ic s ,  X ra y  photographs o f  e b o n ite  
and rubber have been obtain©d..
These photographs c le a r ly  in d ic a te  th a t  some such 
s tru c tu re  e x is ts ,  b u t do n o t fu rn is h  s u f f ic ie n t  evidence 
to  determ ine the  n a tu re  and e x te n t o f  t h is  s tru c tu re *
A lthough  they are o f  l i t t l e  use in  d e c id in g  th e  tru e  o r ig in  o f 
th e  p ie z o -e le c t r ic  e f fe c t ,  y e t  they have s u f f ic ie n t  d e f in i t io n  
to  suppo rt th e  suggestions which have been made i n  the
p re v io u s  pages*
